Objective: To translate into Portuguese and evaluate the measuring properties of the Sunderland Scale and the Cubbin & Jackson Revised Scale, which are instruments for evaluating the risk of developing pressure ulcers during intensive care.
INTRODUCTION
Pressure ulcers (PUs) are considered a health care problem because of their impact on the quality of life and the high cost of treatment due to expenses incurred from the medical workforce, materials, and hospitalization. In the current economic context, the efficient use of resources is imperative, and concerns about healthcare quality and, consequently, patient safety are a reality.
Therefore, it is crucial to prevent this phenomenon, beginning with the correct identification of patients at risk. Risk assessment is an inherent requirement for prevention. Several factors contribute to the development Bruno Sousa 1 of PU with variable severity levels, which render the medical assessment difficult and cause the use of several risk assessment scales. (1) Employing assessment scales that are suitable for all types of patients is an interesting idea because these instruments may be widely used and understood, thus easily facilitating the establishment of relationships and comparisons. There are multiple risk factors within the context of intensive care; thus, the scale used for risk assessment should not be one that is used for most patients but should be adapted to the specificity of intensive care patients. The scale should present a greater breadth relative to the evaluation factors and be less general in terms of variability of the application fields, therefore yielding gains in precision, greater reliability, and greater ability to predict risk. (2, 3) Several risk assessment scales for the development of PUs have been introduced in health organizations. (4) Researchers conducting studies in intensive care units (ICUs) have concluded that the Cubbin & Jackson (C&J) scale is the one that should be used for the risk assessment of PU development in critical patients. (5) (6) (7) The choice of this theme stems from the necessity of a tool (validated for Portuguese) for patients in intensive care, seeking thereby to improve health care and minimizing the harmful consequences and costs related to PUs. The goal of the present study was to translate, culturally adapt, and validate the Sunderland Pressure Sore Risk Calculator -Sunderland Scale (8) and the C&J (9) Revised Scale to Portuguese; to verify their measuring properties; and to compare them to the Braden Scale in terms of predictability, sensitivity, and specificity.
METHODS
This study was approved by the Ethics Committee for Health of the Centro Hospitalar de Lisboa Central, E.P.E. Informed consent was obtained from the participants/families.
The present investigation was a predictive correlational study, conducted in a single intensive care unit (ICU) with eight polyvalent beds, which predominantly receives surgical and medical patients. The sample represented all users who were in the ICU at the time of data collection using the scales and who consented to undergo the risk assessment for PU development.
The investigator completed the scale based on his observation of the patient during the medical care session, with no requirement for interventions that were not indicated or determined by the patient's clinical situation. Unstable patients were not assessed.
The definition of PUs from the Treatment and Prevention guidelines of the National Pressure Ulcer Advisor Panel/European Pressure Ulcer Advisor Panel (NPUAP/EPUAP) and the classification from the International Classification System of Pressure Ulcers were used. (10) The initial assessment occurred at admission or during the first 24 hours, being repeated every 24 hours, and assessment was concluded when a PU developed or when the patient either died in the ICU or was discharged. The maximum monitoring length was 3 weeks (21 days). Data were collected from January to May 2012.
The data were entered and analyzed using the Statistical Package for the Social Science (SPSS ® ) software, version 17, for descriptive analysis. Microsoft Excel ® was used for contingency table construction; the program Analyse-it ® (integrated into Microsoft Excel) was used for sensitivity, specificity, and predictive value calculations (with their respective confidence intervals) for constructing curves using the Receiver Operating Characteristic (ROC) and for verifying the area under the curve (AUC) (with determination of the scales' cutoff points for better performance).
Translation and adaptation
Translation and cultural adaptation were performed based on recommendations that propose standardization that is comprised of the following steps: translation and synthesis, back-translation and synthesis, an expert committee, and a pretest. (11) Although directed at quality-of-life tools, the propositions of these authors have been used for crosscultural adaptations of various tools. (12) The translation was performed by two bilingual nurses whose native language is Portuguese (from Portugal), both with experience in intensive care and employed in the United Kingdom. A combined analysis of the translated material was performed by the translators to reach a consensus on the translation outcome. The back-translation was conducted by a bilingual nurse whose native language is English and who was employed in the intensive care field in Portugal, and by a bilingual translator whose native language is also English. The translators presented two different translations, which yielded a final result after comparison. From the committee of experts, several alterations to both consensual translations were made, with terminology changes requiring the clarification of certain concepts, as expected. (11) After the adjustment recommended by the committee of experts the back-translation were sent to the authors of the original scale for comparison with the original scales. Next, a pretest was applied by a group of eight nurses, who were informed about the objectives of the protocol. The scale was applied to seven ICU patients after obtaining their informed consent.
After performing these steps, the final versions of both scales in Portuguese (Tables 1 and 2) were achieved. 
Validation of the measuring tools
To proceed with validation of the scales, their measurement properties were tested.
The first characteristic that a tool must possess is reliability, which is a property of measurement that is verified by stability and internal consistency. Stability refers to the degree of concordance between two measurements taken at two different times. Internal consistency is defined as the degree to which the items of a tool measure the same concept. (13) In the present study, the internal consistency of the observed tools was verified.
An instrument is valid when it measures what it is supposed to measure in a satisfactory manner. (14) Validity refers to the degree of precision with which the concept is represented by particular statements in the measuring tool. (13) There are several methods to verify the validity of a tool (face validity, content, criteria, and construct validity). In the present study, criteria validity and predictive validity were verified and compared with the Braden Scale.
Psychometric-property analysis of the scales was performed with consideration of the cutoff defined in the literature (Sunderland Scale=28, C&J Revised Scale=29, and Braden Scale=16). Contingency tables were created using the average scores of the patients who did not develop PU and the score on the day before PU onset, similar to the validation performed on a new scale that evaluated the risk of PU development. (15) The calculated indicators were sensitivity, specificity, positive and negative predictive values, precision, efficiency, Matthews' correlation coefficient or coefficient φ (phi), and AUCs obtained from the ROC curves.
RESULTS
The sample included 90 patients who were admitted to the ICU during the data collection period. The average age of the patients was 70 (69.9) years, with a minimum age of 18 years and a maximum age of 95 years. The sample consisted mainly of male patients (63.3%). The diagnoses leading to ICU admission were acute respiratory failure (35.6%), postoperative admission from elective (28.9%) or emergency (15.6%) surgery, and sepsis/septic shock (6% (Table 3) .
condition," "Incontinence," and "Nutrition") was observed to cause positive variations in Cronbach's alpha. However, only "Nutrition" led to significant variation (Cronbach's alpha = 0.75) due the sample's size and homogeneity of the principle diagnosis (mainly surgical), for which nutrition begins at a later timepoint, all components of the scale were maintained because the total value was positive in terms of reliability (Table 4) . Results expressed in numbers (%).
Reliability analysis
The Cronbach alpha obtained for the Sunderland Scale was 0.702. The exclusion of three items ("Medical The Cronbach alpha of the C&J Revised Scale was 0.708. In this scale, similar to the Sunderland Scale, exclusion of most of the components would not be beneficial in terms of the scale's reliability; only exclusion of the "Nutrition" component would produce a significant positive variation. However, as per the justification used previously, all of the scale's items were retained (Table 5) .
Validity analysis
When using the Sunderland Scale, it was verified that 78.8% of the patients were in the low risk category (Table 6 ). According to the Sunderland scale, with a cutoff described in the literature, this study sample had values of 60% sensitivity, 86.7% specificity, 82.2% precision, 47.4% positive predictive value, 91.5% negative predictive value, 4.5 positive likelihood ratio, 0.46 negative likelihood ratio, 0.43 phi coefficient, and 73.4% efficiency. Thus, 82.2% of the patients were correctly evaluated, regardless of whether the risk was high or low. The high-risk patients and those who developed PUs were correctly identified in 60% of the patients, and among those at low risk and who did not develop PU, 86.7% of the patients were correctly identified. The probability of a PU patient having been evaluated as high risk was 47.4%, and the probability of a non-PU patient having been evaluated as low risk was 91.5%. A phi coefficient greater than 0 indicated that the prediction was not random; if the value was less than 1, the prediction was not perfect. The ideal scale is that in which the balance between sensitivity and specificity is 100%, and the Sunderland Scale had a balance of 73.4%. Additionally, the positive likelihood ratio indicated that the patients assessed as high risk were 4.5 times more likely to develop PU.
Using the C&J Revised Scale, it was verified that 81.1% of the patients were in the low risk category (Table 6) . For the present sample, this scale (with a cutoff described in the literature) presented a sensitivity of 73.3%, specificity of 86.7%, precision of 84.4%, positive predictive value of 53.4%, negative predictive value of 94.2%, positive likelihood ratio of 5.50, negative likelihood ratio of 0.31, phi coefficient of 0.53, and efficiency of 80%. Thus, 84.4% of the patients were correctly evaluated regardless of the risk involved. The high-risk patients who developed PU were correctly identified in 73.3% of the cases, and among those who were low risk and did not develop PU, 89.7% were correctly identified. The probability of a PU patient having been assessed as high risk was 52.4%, and the probability of a non-PU patient having being evaluated as low risk was 94.2%. A phi coefficient greater than 0 indicated that the prediction was not random; if the value was less than 1, the prediction was not perfect. The ideal scale is that in which the balance between sensitivity and specificity is 100%, and the C&J Revised Scale had a balance of 80%. The positive likelihood ratio indicated that the evaluated patients assessed as high risk were 5.5 times more likely to develop PUs.
The use of the Braden Scale allowed for verifying that 95.5% of the patients were high risk (Table  6) . For the present sample, the Braden Scale (with a cutoff described in the literature) had a sensitivity of 100%, specificity of 5.3%, precision of 21.1%, positive predictive value of 17.4%, negative predictive value of 100%, positive likelihood ratio of 1.06, negative likelihood ratio of 0, phi coefficient of 0.02, and efficiency of 52.7%. Only 22.2% of the patients were correctly evaluated, independently of their highor low-risk status. All of the high-risk patients who developed PU were correctly identified, but with low sensitivity. This poor sensitivity did not allow for correct differentiation between patients with values below 50%, which resulted in poor predictive capabilities. (16) The probability of a PU patient having been evaluated as high risk was only 17.4%, but the probability of a non-PU patient having been assessed as low risk was 100%. A phi coefficient only slightly higher than 0 indicated an almost random prediction. The Braden Scale achieved a balance of 52.7% between the sensitivity and specificity. In addition, the positive likelihood ratio was verified as indicating that the patients assessed as high risk were 1.06 times more likely to develop PUs.
Comparison of ROC curves
Using the data from the three scales, the following curves and ROC values were obtained: the AUC for the Sunderland Scale was 0.86%, with a 95% confidence interval (95% CI) of 0.77-0.95 (p<0.0001); the AUC for the C&J Revised Scale was 0.91%, with a 95% CI of 0.84-0.98 (p<0.0001); and the AUC for the Braden Scale was 0.72%, with a 95% CI of 0.56-0.87 (p<0.0032) (Figure 1) . predictive values were obtained in the day preceding the occurrence of PUs. This result suggest that the assessment should be performed daily. In the C&J Revised Scale if surgery occurs 1 point should be deducted on the day of surgery.
DISCUSSION
Regarding the PU phenomenon, the present data were in agreement with the literature as to the location, with the sacrococcygeal region being the most representative, (5, 17, 18) and with regard to the time elapsed until PU formation, which was usually during the first week of hospitalization. (19, 20) In the literature, a higher incidence of category-I PUs and a lower incidence of category-III PUs were observed, which was not observed in the present study, wherein a predominance of category-II and category-III PUs was observed. (5, 17) Data from the second day of hospitalization were used for both scales in the reliability analysis. The second day was chosen because "the lower the variability of intrasubject responses and the greater the variability of intersubject responses, the greater is the value of α." (21) Thus, a greater variation exists in the clinical evolution of the patients as well as a greater range of possible results. Cronbach's alpha value obtained in the Sunderland Scale was 0.702, which "generally means that the tool or test is classified as having adequate reliability when α is at least 0.70." (21) The Cronbach alpha for the C&J Revised Scale was 0.708, which, as previously mentioned, is an appropriate reliability value. The use of ROC curves facilitated studying the scale behavior, in terms of sensitivity and specificity, with different cutoff points ( Table 7) . The use of a cutoff point ≥30, in either the Sunderland Scale or the C&J Revised Scale, allowed for improved performance. The Braden Scale with a cutoff point below that described in the Portuguese version also improved its predictive capabilities, but still kept below the value ranges for the two other scales.
Another concern raised in the literature is the assessment frequency. Table 8 shows that the best Regarding the validity and considering the values obtained, the Sunderland Scale had acceptable predictive values for the development of PU in ICU patients, and thus this scale should be used. The same finding is true for the C&J Revised Scale, which was the scale that yielded the best overall values. The Braden scale, by the data obtained, suggests the necessity of intensifying nursing care in a greater number of patients who will not develop PU; therefore, its application should not be recommended, so that patients with a higher risk are provided with more available resources.
The finding obtained in this study are corroborated by the literature. Several studies comparing the Braden and C&J Scale in ICUs note that the C&J should be used based on the sensitivity, specificity, predictive, and AUC values, and the C&J always yields better predictive values overall. (5, 7, 22) Based on the ROC analysis and AUC values, it was verified that altering the cutoff points of the scales could improve their predictive capabilities, which has already been studied, especially for the Braden Scale. (23) However, given the sample used in the present study, the decision was to maintain the recommendation of the original authors. Analysis of the predictive capabilities allows inferences about the necessity for constant monitoring, as the best overall values were observed within 24 hours preceding the development of PU, thus meeting the current recommendations.
The limitations of this study were the sample size, the type of ICU (i.e., not comprehensive, with homogeneity of diagnosis), and lack of inter-rater reliability verification (because it will be essential that this tool yields the same results when used by different professionals).
CONCLUSIONS
The results suggest that the C&J Revised Scale should be used in ICUs because it yielded the best overall predictive values. This study contributed to the validation of tools appropriate for critical intensive care unit patients and thus identifies patients who require greater vigilance and intensity of care, thereby leading to better staff management and medical care. 
